A previous report from these laboratories (Stone et al., 1953) described a bacteriophage active against one of the chromogenic nasopharyngeal neisseriae. The purpose of this paper is to describe further studies of the bacteriophage and the host organism. (1707, 1711, 1712, 1713, 681, 682, 683, and 684) were Lilly stock strains. The remaining strains were recent isolates from human nasopharyngeal washings. These latter strains were classified according to pigment production and carbohydrate fermentation (Breed et al., 1948) with the exception of four atypical strains (Kl, B3, GB1, and K4), which were designated Neisseria species.
were designated Neisseria species.
The cultures were maintained on a glucose starch agar (Difco) to which had been added 0.1 per cent cysteine hydrochloride and 0.5 per cent yeast extract (NM V) . Two basal liquid media were used with or without the addition of one or more salts. A concentrated nutrient broth (NB) contained 1 per cent dehydrated nutrient broth (Difoo). The second liquid medium (NM XX) contained cysteine hydrochloride, 1 g; proteose peptone S 3 (Difco), 15g; glucose, 2g; NaCl, 5 g; Na2HPO4 7H20, 5.6 g; yeast extract (Difco), 5 g; and soluble starch, 10 g, in 1 L of distilled water, and was adjusted to pH 7.2. Additions of salts to the basal media were made by adding those with univalent cations as the dry salts prior to sterilization and those with divalent 1 Present address: Department of Bacteriology, Indiana University, Bloomington, Indiana. cations aseptically from concentrated aqueous solutions.
Electron microscopy. Plates of NM V were covered with a thin formvar film. The (1936) . Seed suspensions were prepared by diluting 24-hr NM XX cultures of the host organism in NM XX so as to contain 108 organisms per ml. Serial decimal dilutions of the filtrate or lysate to be titered were made in distilled water or broth. Base layers of 40 ml of NM V in 9-cm petri plates were each overlaid with a seed layer composed of 2 ml of melted NM V at 52 C, 0.5 ml of seed suspension, and 0.5 ml of a phage dilution. The plates were incubated at 37 C for 18 hours and the plaques counted. Titers were computed from counts of duplicate plates.
Effects of cations. The effects of various cations on bacteriophage multiplication were determined by incorporating appropriate salts into NB, inoculating the media with the bacteriophage and host bacteria, and determining the content of bacteriophage in the supernatant following incubation. The media were tubed in 5-ml amounts and inoculated with 0.1 ml of a 24-hour culture of the host organism in NB and 0. Tests for lysogenicity. Test organisms were seeded into NM XX containing 10-3 M CaCl2 and incubated at 37 C for 24 hours, then at 5 C for 20 hours. The supernatant fluids were then decanted and titered for phage by the agar layer procedure.
RESULTS
Characteristics of the host organism. The host organism, designated strain 7A, produced smooth, circular, 2.0 to 2.5-mm, slightly raised colonies when streaked onto NM V and incubated 48 hours at 37 C. The growth was semi-opaque, yellowish-gray, glistening, and had a butyrous consistency. Gram-stained preparations showed gram negative diplococci 0.6-0.8 ,& in diameter and the colonies gave a positive oxidase reaction with p-aminodimethylaniline HCl. The organism fermented glucose, maltose, sucrose, and fructose, but not mannite, when tested in phenol red broth media containing 0.5 per cent of these carbohydrates. A polysaccharide of the starchglycogen class was produced on sucrose media (Hehre and Hamilton, 1948) . A greenish-yellow pigment was produced on Loeffler's medium. Antisera prepared in rabbits against strain 7A and against ATCC strain 10555 of Neisseria perjlava agglutinated the two organisms in similar dilutions.
With the exception of the failure to ferment mannite, strain 7A conformed with the description of N. perfiava in Bergey's Manual (Breed et al., 1948) . None of the neisseriae studied in this laboratory to date have fermented mannite. This absence of mannite fermentation in strains otherwise typical of N. perfiava has been noted elsewhere (Hajek et ac., 1950; Wax, 1950) , raising some doubts as to the value of mannite in identification procedures. Therefore, the strain 7A and similar strains described in this study have been assigned the species name N. perflava. Morphology of the phage particle. The bacteriophage, designated neisseriaphage A, was examined by electron microscopy. Formvar films from plates upon which the infected host cells had been growing showed typical tadpoleshaped particles. The oval head portion of the phage was approximately 50 X 70 m,u and the straight tail measured approxmately 20 X 160 m,u.
Effect of cations on phage multiplication. Since it was observed that cultures of strain 7A in NB containing 0.85 per cent NaCl failed to support multiplication of the neisseriaphage, attention was directed to the effects of metallic ions upon multiplication of the phage. The addition of CaCl1 was found to reverse the action of the NaCl. In order to determine whether strains P1 and P2 were true lysogenic strains or were merely carrier strains-a mixture of resistant (nonlysogenic) celLs, sensitive cells, and phage-the release of phage by the two strains was studied during serial transfers in NB and in NB contaming 1.5 X 10-' M NaCl. Six transfers were made at 24-hour intervals by inoculating 9.9 ml of fresh medium with 0.1 ml of the previous culture. Thus a 10-12 dilution of the original inoculum (containing 102 to 103 phage particles) was effected. If maintenance of the phage in P1 or P2 depended upon lysis of sensitive organisms in the culture then, since phage multiplication in sensitive organisms was blocked in the medium containing added NaCl, the phage content of these cultures would be expected to decline and eventually be eliminated by dilution. The amount of phage released by both P1 and P2 remained markedly constant during serial transfer and was unaffected by the presence of high concentrations of NaCl. Approximately 3 X 103 phage particles per ml were detectable in cultures of P1 after 24-hour incubation of either medium following each of the six transfers. Strain P2 released a larger number (8.4 X 104 to 1.7 X 105 particles per ml of supernatant) following each transfer in either of the media. It was therefore concluded that the two strains were lysogenic rather than carrier strains.
Lysogenic substrains of 7A were also developed by inoculating the organism onto NM V agar layers, containing 108 neisseriaphage A particles per 2 ml agar overlay, and incubating the plates 48 hours at 37 C. Colonies were picked from these plates and subcultured on similar plates. Colonies picked from the second series of plates were subcultured in NB containing 1.5 X 10-' M NaCl. Six 1:100 dilution transfers were made at 24-hour intervals in this medium to free the culture of any extracellular phage which might have been mechanically transferred from the plates. The phage-resistant substrains isolated in this manner were found to be of two typeslysogenic and nonlysogenic. Twenty-four-hour NB supernatants of the lysogenic substrains contained 104 to 10' phage particles per ml while culture supernatants of the remaining substrains contained no detectable phage.
Phage-resistant substrains of N. perflava 7A were also isolated in the absence of phage A. Old cultures of the parent strain were occasionally found to contain resistant forms and several such substrains were isolated. These substrains did not regain phage sensitivity on subculture in fresh media and were not lysogenic for the parent strain.
DISCUSSION
The host organism, isolated from throat washings from a human subject and designated strain 7A, is one of the chromogenic neisseriae. The classification of the organisms in this group is in dispute (Wilson and Miles, 1946) . Breed et al. (1948) recognize four species, defining these according to colony characteristics, pigment production and sugar fermentation. Many strains of chromogenic neisseriae-including the present one-do not conform to the description of any of the recognized species; some occupy intermediate positions. Furthermore, the reliability of one of the fermentation reactions (mannite fermentation) upon which this classification is based, has been questioned (Hajek et al., 1950) . Since the host organism differed from the description of N. perfiava only in its failure to ferment this carbohydrate, it has been designated N. perfjava.
The structure of the bacteriophage particle as revealed by electron micrography conforms to that of many previously described bacteriophage particles. In size the particle approximates that of the smaller, tailed coliphages of the T series.
The effects of divalent cations on phage multiplication have been described by other workers; a summary of this literature has been presented by Fildes et al. (1953) . These Burnet and McKie (1930) to affect bacteriophage inactivation, may be exerting an effect on bacteriophage multiplication.
The failure to find other hosts for neisseriaphage A among the strains of N. perfiava and related species tested is not surprising in view of the small number of strains tested. However, it might be interpreted as indicating that the bacteriophage does not have a particularly wide host range.
The isolation of lysogenic strains of N. perflava from throat washings and the production in vitro of lysogenic substrains of strain 7A demonstrate that neisseriaphage A conforms to the description of a temperate phage (Lwoff, 1953) . Conditions restricting sensitive cell growth (i. e., presence of phage or culture aging) also permitted the isolation of phage-resistant substrains which are nonlysogenic. These two types of resistant celLs, lysogenic and non-lysogenic, may increase the utility of this host-virus system in studies of bacteriophage phenomena.
